Self-interacting dark matter (SIDM) has been proposed to explain a number of observations on the galactic scale and smaller that are in conflict with collisionless dark matter simulations. We consider a model in which a small fraction of the SIDM consists of Strongly Interacting Massive Particles (SIMPs) that have strong interactions with baryons as well as with the SIDM particles. We show that the DAMA annual modulation signal can be caused by SIDM particles interacting with SIMPs trapped in iodine nuclei in the NaI detectors.
The nature of dark matter (DM) remains a mystery, despite many years of efforts to understand it. It has been shown [1] that collisionless dark matter correctly predicts the large scale structure of the universe. On the galactic scale and smaller, however, numerical simulations disagree with a number of observations [2] . Recently, it has been shown that DM consisting of particles with strong self-interactions (SIDM particles) fit observations on these scales much better than collisionless dark mater [3, 4] . The cross section between SIDM particles, σ dd , needed is in the range [3, 4] :
Here m sidm is the mass of the SIDM particle. The fact that this is comparable to the cross section of particles interacting with each other via the strong force has led some to speculate that DM particles could interact with both themselves and with baryons through the strong force [4] . DM particles interacting with baryons with such strong interactions had been postulated earlier by Dover, Gaisser, Steigman and Wolfram [6] , and have been named SIMPs (Strongly Interacting Massive Particles). SIMPs have been proposed as a solution to the ultra high energy cosmic ray problem [7] and as an explanation for the absence of cooling flows [8] . Constraints on SIMP dark matter are given in [4, 9, 5, 11, 10] .
It has been shown [12, 13] that SIMPs can bind to heavy nuclei, forming anomalously heavy isotopes. Searches for such isotopes have been performed in gold and iron recently [17] and have come out negatively. Limits on the abundance of anomalous gold isotopes range from 6 × 10 −12 for light isotopes ∼ 3 GeV heavier than a gold nucleus to 1 × 10 −8 for heavy isotopes up to 1480 GeV heavier than a gold nucleus. In [10] these limits were used to constrain the contribution of SIMPs to the total energy density of the Universe as a function of the SIMP mass.
Currently, there are about 20 dark matter direct detection experiments underway. In these experiments one tries to detect recoils of nuclei caused by collisions with DM particles. Most of these experiments use sophisticated background discrimination techniques to try to extract a DM signal. An alternative way to extract a DM signal from the background is to measure the annual modulation in the dark matter flux caused by the Earths rotation around the Sun [19] . The DAMA/NaI experiment [18] has used this technique and is the only one to have reported a positive signal. The results of this experiment are controversial because other more sensitive searches have not detected nuclear recoils due to DM interactions. For WIMPs interacting with nuclei through spin independent interactions, the available parameter space is very limited [14] . The case of spin dependent interactions is studied in [15] . Mirror matter interacting with ordinary matter via photon-mirror photon kinetic mixing can also explain the DAMA/NaI results [16] .
In this Letter we consider a scenario in which SIMPs make out a small fraction of the dark matter density of the Universe. We assume that the remaining part of the dark matter consists of SIDM particles with almost no interactions with nuclei but with strong interactions, similar in magnitude to their self-interactions, with SIMPs. We shall show that dark matter direct detection experiments can detect signals from a SIDM particle colliding with a SIMP trapped in a nucleus and that this effect may be responsible for the annual modulation signal observed in the DAMA experiment. Since in this model the self-interactions of the SIDM particles don't matter, we shall call them WIMPs and refer to this model as the WIMP-SIMP model.
The DAMA/NaI results are consistent with DM particles with masses up to a few hundred GeV and cross sections off iodine nuclei in the range 16 -85 pico barns [18] . If the DM particles interact only with anomalous iodine isotopes containing SIMPs with cross sections in the range (1) then the fraction, f , of anomalous iodine isotopes should be in the range
Assuming that the abundance of anomalous iodine isotopes does not exceed the abundance of anomalous gold isotopes, this means that M simp 0.3 GeV. As we shall see, consistency with other direct detection experiments requires much larger SIMP masses.
Most other direct detection experiments use elements that are lighter than iodine. The CDMS II experiment [21] uses Germanium and the null results of this experiments pose the strongest constraints on spin independent WIMPnucleon cross sections. The null results of CDMSII and the annual modulation observed by the DAMA experiment can be simultaneously explained if SIMPs don't bind to Germanium or lighter elements and if the WIMP-nucleon interaction is sufficiently weak. The WIMP-nucleus cross section caused by the exchange of virtual SIMPs, σ w,n , should be of the order:
Here µ wimp,nucleus is the relative mass of the WIMP-nucleus system, A nucleus is the atomic mass number of the nucleus and g is the coupling between SIMPs and nucleons. According to the results of the CDMSII experiment, spin independent WIMP-nucleon cross sections larger than 4×10 −43 cm 2 are excluded at 90% confidence level [21] . This corresponds to 2 × 10 −36 cm 2 for the WIMP-Germanium cross section. We shall constrain the WIMP-SIMP model by demanding that σ w,n ≤ 1 pico barn for Germanium. According to (3) this implies:
Where x ≤ 1 parametrizes the available window. Demanding that SIMPs don't bind to Germanium nuclei constrains the coupling g. Using the assumption that SIMPs interact with nuclei in a similar way as hyperons, it has been argued in [13] that the minimum atomic mass number, A min , below which SIMPs don't bind to nuclei should satisfy the relation 1 :
If we take A min = 100, g becomes:
A further constraint follows from demanding that the energy distribution of the nuclear recoils in a WIMP-SIMP scenario in the NaI detector is consistent with the results of the DAMA/NaI experiment. When a WIMP scatters off a nucleus, the nucleus recoils with an energy, E recoil , of:
where θ is the scattering angle in the c.m. frame and v the velocity of the DM particle. The DAMA data have been analyzed assuming different types of interactions of nuclei with WIMPs and a wide variety of halo models [18] . Instead of exploring the full window allowed by the DAMA data, we'll use that a WIMP mass of 50 GeV is consistent with the DAMA data for spin independent interactions. Since in the spin independent case most interactions are with iodine nuclei, the factor
in (7) takes the value of 11 GeV. Constraining the WIMP and SIMP masses such that:
where µ wimp,I+simp is the reduced mass of the WIMP-anomalous iodine system and M I is the mass of a iodine nucleus, will thus guarantee that the WIMP-SIMP model is consistent with DAMA data. Using the conditions (4), (6) and (8), M wimp and M simp can be calculated as a function of the parameter x defined in Eq. 4, see Fig. 1 . E.g., if x = 10 −2 , a WIMP detector could detect nuclear recoils in germanium consistent with a spin independent WIMP-nucleon cross sections of 4 × 10 −45 cm 2 for a WIMP mass of about 50 GeV, apparently proving that the DAMA/NaI results are wrong. However, according to the WIMP-SIMP model and the assumptions we have made here, this would still be consistent with the DAMA results if M wimp = 110 GeV and M simp = 850 GeV.
Three other experiments are using elements heavier than iodine and have not detected nuclear recoils due to DM interactions. The CRESST II experiment [20] uses CaWO 4 and has a lower nuclear lower nuclear threshold, 12 KeV for W compared to 22 KeV for I in the DAMA/NaI experiment. For WIMP masses of about 50 GeV interacting only with spin independent interactions, cross sections with nucleons larger than 1.7 × 10 −6 pico barns are excluded at 90% confidence level [20] . This translates to 35 pico barns for the WIMP-tungsten cross section. Comparing this with the 16-85 pico barns region favored by the DAMA/NaI experiment, this means that the abundance of anomalous tungsten isotopes should be of the same order or less than the abundance of anomalous iodine isotopes. The DAMA/Xe-2 [22] and the ZEPLIN I [23] experiments use liquid Xenon. The results of the DAMA/Xe-2 experiment are consistent with those of DAMA/NaI. For spin independent interactions, the 90% exlusion limit from the ZEPLIN experiment for WIMP-nucleon cross sections is about 1×10 −6 pico barns, about a factor of 2 below the lower limit of the DAMA/NaI experiment. Assuming that the WIMP-SIMP model is correct, this suggests that the abundance of anomalous Xenon isotopes in the ZEPLIN detector is at most an order of magnitude less than the abundance of anomalous iodine isotopes in the DAMA/NaI detector. This could be due to the fact that the extraction process used to isolate Xenon from the atmosphere depletes (very heavy) isotopes of Xenon.
In the near future, the WIMP-SIMP model presented here can be verified or ruled out using data from dark matter direct detection experiments that are currently underway. If experiments using different materials report results that are mutually consistent with a single WIMP model, then that would rule out the WIMP-SIMP model. If, on the other hand, only experiments using elements lighter than some critical atomic mass number are consistent with each other while experiments using heavier elements detect signals that are too large to be explained using conventional WIMP models, then that would be consistent with the WIMP-SIMP model. Depending on the WIMP-SIMP cross section, searches for anomalously heavy isotopes of these elements could yield positive results.
In conclusion, we have shown that the annual modulation signal detected by DAMA can be explained by WIMPs interacting with SIMPs captured in iodine nuclei. The WIMP-SIMP cross section can be in the same range as is postulated for self-interacting dark matter without violating experimental bounds on anomalously heavy isotopes.
